Oxidative DNA damage and in vivo mutagenicity caused by reactive oxygen species generated in the livers of p53-proficient or -deficient gpt delta mice treated with non-genotoxic hepatocarcinogens.
Oxidative stress is thought to participate in chemical carcinogenesis and may trigger gene mutations. To accurately assess the carcinogenesis risk posed to humans by chemical exposure, it is important to understand the pathways by which reactive oxygen species (ROS) are generated and the effects of the resulting oxidative stress. In the present study, p53-proficient and -deficient gpt delta mice were given pentachlorophenol (PCP), phenobarbital (PhB) or piperonyl butoxide (PBO), which are classified as non-genotoxic hepatocarcinogens in rodents, at the respective carcinogenic doses for 13 weeks. Exposure to PCP or PBO, but not PhB, invoked significant increases in liver DNA 8-hydroxydeoxyguanosine (8-OHdG) levels. Treatment with PCP significantly increased mRNA levels of the gene encoding NAD(P):quinone oxidoreductase 1 (NQO1) in the liver, suggesting that redox cycling of the PCP metabolite tetrachlorohydroquinone gave rise to ROS. Exposure to PhB or PBO significantly elevated CYP 2B10 mRNA levels while NQO1 levels were also significantly increased in PBO-treated mice. Therefore, in addition to involvement of the CYP catalytic pathway in the ROS-generated system of PBO, catechol derivatives produced from the opening of the PBO functional group methylenedioxy ring probably resulted in ROS generation. However, PCP, PBO and PhB failed to increase gpt and red/gam gene mutations in the liver independently of p53. Overall, the action of oxidative stress by ROS derived from the metabolism of these carcinogens might be limited to cancer-promoting activity, which supports the previous classification of these carcinogens as non-genotoxic.